ABSTRACT: Naturally fauna-free (FF) wethers, equipped with ruminal and duodenal cannulas, were used in two groups of eight (Group A) and seven (Group B) animals in six consecutive experimental periods, each lasting for 28 d. The objective was to measure ruminal fermentation traits, and flows of nonammonia nitrogen (NAN), total amino acid (TAA), and bacterial nitrogen (BN) from the stomach after inoculation with individual ciliate protozoa species in each period. The wethers in both groups were fed a diet based on corn silage, haylage, and soybean meal, and they remained FF during the first period. At the beginning of each other period, the wethers were progressively inoculated intraruminally with one individual major species of ruminal ciliate protozoa or total fauna (TF). Thus, Group A was progressively inoculated (+) with Dasytricha ruminantium (DS), Polyplastron multivesiculatum (PP), Isotricha intestinalis (IS), Entodinium caudatum (EN) and TF-type A. Also, Group B was progressively inoculated (+) with IS, DS, Epidinium ecaudatum (EP), Eudiplodinium maggi (EU), and EN. Duodenal digesta and ruminal fluid were collected and sampled in each
Introduction
collated the available information on ruminal protozoa from in vivo and in vitro experiments. The information showed that the many kinds of protozoa present in the rumen have different metabolic functions and a different influence on ruminal fermentation; hence, some may be and some 1 The authors wish to thank Ray Moore for excellent care of experimental animals. This publication is the LRC contribution no. 3879813.
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Received April 19, 1999 . Accepted September 13, 1999 750 period on d 26 and 28, respectively, and subjected to chemical analyses. A significantly higher (P < .05) pH (6.4) in ruminal fluid of the Group A wethers was obtained when each DS, DS+PP, DS-PP-IS+EN, and TF population was present in the rumen than when the wethers were FF (6.2). In the Group B wethers, pH (6.1) was lower (P < .05) for the population of IS-DS-EP+EU than for other populations (6.2 to 6.3). The concentration of total VFA in ruminal fluid was higher (P < .05) in the Group B wethers when IS, IS+DS, or IS-DS+EP populations were present in the rumen than when the wethers were FF. The flow of NAN, TAA, and BN from the stomach to the intestinal tract was generally lower for different protozoa populations than for the FF period. Largest decreases (P < .05) in the flow of NAN, TAA, and BN occurred when EN was added into the rumen of wethers in the A and B groups, which already contained populations of DS-PP+IS and IS-DS-EP+EU, respectively. Holotrich protozoa had very little effect on the protein metabolism in the rumen, but cellulolytic protozoa (PP, EP, and EU) and EN decreased the efficiency of protein utilization by the ruminant host.
may not be beneficial to the ruminant host. In vivo experiments have established that mixed ruminal ciliate protozoa decrease the flow of the nonammonia nitrogen (NAN) components from the stomach to the intestinal tract (Ivan et al., 1991) . Experiments with individual or combinations of protozoal species in the rumen indicated that rumen fermentation could be manipulated by specific additions of individual species of protozoa (Williams and Dinusson, 1973) . However, the degree of the effects of the major species present in the rumen on the availability of NAN or its components for utilization by the ruminant host has not been established. Despite the higher flow of NAN in defaunated, as compared to faunated, ruminants, the majority of experiments showed slower animal growth rates due to elimination of ciliate protozoa from the rumen (Veira, 1986) . Therefore, if ruminal fauna consisting only of species beneficial to the host could be developed and implemented under practical conditions, large amounts of dietary protein supplements could be saved. Additional intensive in vivo studies are needed before the validity of the above hypothesis can be assessed. The present study is the first effort in this direction.
The main objective of the present study was to measure ruminal fermentation and NAN and total amino acid (TAA) flows from the stomach after progressive additions of major ruminal ciliate protozoa species and total fauna (TF) into the rumen of initially fauna free (FF) wethers. The flow of bacterial nitrogen (BN) was also estimated.
Materials and Methods

Ciliate Protozoa
Six ciliate protozoa species that are commonly found in the rumen and considered important (Williams and Coleman, 1992) and TF-type A (Eadie, 1962) were selected for the present study. The selected species were Isotricha intestinalis (IS), Dasytricha ruminantium (DS), Polyplastron multivesiculatum (PP), Epidinium ecaudatum (EP), Eudiplodinium maggi (EU), and Entodinium caudatum (EN). Each protozoal species or TFtype A was inoculated into the rumen of three FF sheep and maintained in a separate room. Therefore, seven protozoal populations (IS, DS, PP, EP, EU or EN, or TF-type A) were established and continuously maintained in seven small rooms to prevent cross-contamination. These sheep became donors of ruminal fluid with single species fauna or TF-type A for relevant experiments.
Animals and Diet
Fifteen approximately 1-yr-old Canadian Arcott wethers with average BW of 45.0 kg and 51.7 kg at the beginning and the end of the experiment, respectively, were used in the present study. The wethers originated from a FF flock (Ivan et al., 1986) ; thus, they were maintained FF from birth. A rumen cannula (Hecker, 1969 ) and a duodenal (5 cm after the pylorus) reentrant cannula (Ivan and Johnston, 1981) were surgically inserted into each wether. The surgery was performed under general anesthesia approximately 1 mo before the experiment was started. The wethers were fed daily .9 to 1.2 kg of dietary DM in equal portions at 0800 and 1600. Water was available for ad libitum consumption. The diet (Table 1) contained chromic oxide in a powder form. A premix of the chromic oxide, cobalt-iodized salt, limestone, Monodical, and vitamins was first mixed with soybean meal, which was then mixed with corn silage and haylage. The diet was prepared in 2-to 4-t batches, stored in a freezer, and thawed as required. The experimental protocol was approved by the local Animal Care Committee and followed the guidelines of the Canadian Council of Animal Care (1980). 
Experimental Procedure
The wethers were randomly divided into two groups (type A or B protozoa) of eight and seven animals, respectively, and kept in individual stalls in separate rooms. The experiment was carried out in six consecutive periods of 28-d duration each (Table 2) . At 13 d in each period, the wethers were placed into individual metabolic cages (Ivan and Hidiroglou, 1980) . Duodenal digesta and ruminal fluid were collected and sampled The plus sign indicates that the following species of ciliate protozoa was inoculated at the beginning of the period into the rumen of each sheep within the group, each containing already the species of the previous period.
on d 26 and 28, respectively. If any sampling was not completed or if a wether did not consume the ration, results from these animals were rejected.
A small quantity of feed was collected at each feeding and accumulated as a sample. The feed samples were freeze-dried, ground, homogenized, and stored for chemical analysis.
Duodenal digesta were collected for 12 h from individual wethers between 0600 and 1800 as described by Ivan at al. (1979) . A 10% sample was accumulated for each wether and subdivided into two parts. One part was centrifuged at 70,000 × g for 30 min, and the supernatant was used for the determination of NH 3 N in duodenal digesta. The second part was freeze-dried and ground, and the DM (including analytical DM) was determined. This part was used for the determination of N, amino acids, and Cr. The concentrations of Cr in feed and freeze-dried digesta samples were used for calculation of the daily digesta DM flow
Ruminal contents (500 mL) were obtained via the ruminal cannula at 1000, 1200, and 1400. The contents were strained through two layers of cheesecloth and collected into plastic bottles. The pH was immediately measured in the fluid using an electrode. Numbers of ciliate protozoa were counted in each sample of the ruminal fluid (Veira et al., 1983) . A portion of each ruminal fluid sample was centrifuged first at 600 × g for 10 min to separate protozoa and feed particles, and then the supernatant was centrifuged at 70,000 × g for 30 min to obtain the soluble cell-free fraction for analysis of soluble N.
After the ruminal sampling at 1400 on the last day of the period, each wether was inoculated with ruminal fluid mixture (400 mL) from three donor sheep containing in the rumen the assigned species of ciliate protozoa or TF-type A ( Table 2) . The wethers were then placed into individual stalls.
Chemical Analyses
All chemical analyses for each sample were performed in duplicate. Organic matter was calculated as DM loss during ashing at 550°C. The method of Goering and Van Soest (1970) was used for the determination of NDF, and the Kjeldahl procedure was used for the estimation of N. The ammonia N in strained ruminal fluid was determined using the phenol-hypochlorite reaction (Weatherburn, 1967) . Nonammonia N in ruminal fluid and freeze-dried duodenal digesta was determined by subtraction of ammonia N from total N. Determination of VFA concentrations in ruminal fluid was as described by Erfle et al. (1979) . The amino acid concentrations in the freeze-dried duodenal digesta were measured (Moore and Stein, 1963) with an amino acid analyzer (Beckman 121 MB, Beckman Instruments, Palo Alto, CA) after hydrolysis in 6 N HCl (Gehrke et al., 1985) . The concentration of diaminopimelic acid (DAPA) in individual samples of duodenal contents was used for estimation of duodenal flow of BN, using a bacterial concentration of 37.35 mg/gN calculated from published concentrations of DAPA in ruminal fluid bacteria in steers on hay diet (Olubobokun et al., 1988) . The mineral concentrations in feed and duodenal digesta were determined with an atomic absorption spectrophotometer (Perkin-Elmer 460, Norwalk, CT) after digestion of freeze-dried samples with a mixture (1:3 vol/vol) of nitric and perchloric acids.
Statistical Methods
Because the treatments for the two groups of wethers were not consistent, the data were analyzed as two separate experiments. Within each experiment, all of the wethers received all treatments over time in the same sequence, so there was a possibility that the observations from the six treatments were correlated. Correlation analysis was performed for each variable in order to study the correlations among treatments. The MIXED procedure from SAS (1992) was used to analyze the data with animal and treatment in the model, and using two different covariance matrix structures for treatments. Animal was treated as a random effect for all analyses. The initial analysis modeled an unstructured covariance matrix for treatment that estimated a separate variance for each treatment level and a covariance between treatment levels. Convergence problems were encountered with this analysis for some of the variables in both experiments due to missing data. Consequently, all variables were also analyzed using the default, simple covariance matrix structure that did not account for any correlations among treatment levels and estimated a common variance for each treatment level. This latter analysis provided an opportunity to evaluate the benefits of using an unstructured covariance matrix for those variables that did not have missing values. Least squares means were calculated for the six treatment levels, and Fisher's protected LSD test (Steel and Torrie, 1980; SAS, 1996) was used to evaluate differences among means for significance. Differences among means were considered significant at the level of P < .05.
Results
The correlation analysis (data not shown) indicated some significant correlations among treatment levels for some variables, but there was no consistency with respect to magnitude or direction of the correlations. Also, the results for those variables when the statistical analysis used an unstructured covariance matrix were very similar to results when the default covariance matrix was used. Therefore, all the results presented here are from the statistical analyses that used the default covariance matrix.
Presence of Ciliate Protozoa in Ruminal Fluid
Protozoa were not present in any wether in Period 1 (Table 3) . Isotricha intestinalis and DS were the only Ciliate protozoa were not present in the rumen of any wethers in Period 1, but in other periods the species with a plus (+) sign was the one added during that period, as in Table 2 . single species present in the rumen in Period 2 in the Group A and B wethers, respectively. Their numbers decreased notably when, in Period 3, DS was added into the rumen of Group B wethers that already contained IS, and when PP was added into the rumen of Group A wethers that already contained DS (Table 3 ). The number of EN was affected very little when TF was added into the rumen of Group A wethers in Period 6 and formed 98% of the total protozoa population. Species other than IS, DS, PP, EP, EU, and EN in TF were counted also but were not identified individually.
pH and Concentration of Total Volatile Fatty Acids and Nitrogen in Ruminal Fluid
Across the two groups, pH ranged between 6.1 and 6.4 (Table 4 ). In the Group A wethers, pH was lower (P < .05) for FF than for most other populations, but it was not statistically different from the DS-PP+IS population. In the Group B wethers, pH was lower (P < .05) for the IS-DS-EP+EU population than for the other populations.
The concentration of total VFA in ruminal fluid decreased significantly when PP was added to the population of DS in the Group A wethers. However, none of the means for protozoa populations in Periods 2, 4, 5, and 6 in the Group A wethers were different from the mean in FF Period 1 (P > .05).
In comparison with FF Period 1 of the Group B wethers, the total VFA concentrations were significantly higher when IS (Period 2), IS+DS (Period 3), and IS-DS+EP (Period 4) were present in the rumen. The means in Periods 5 and 6, when EU and EN were progressively added into the ruminal population that already contained IS, DS, and EP, were not different (P > .05) from the FF Period 1 or IS-DS+EP in Period 4.
The concentrations of total N and NAN in ruminal fluid tended to show a stepwise increase with the addition of each new protozoa species into the rumen of both groups of wethers. Statistical differences in comparison with the respective FF period for concentrations of total N and NAN were, however, significant in the Group A wethers only for protozoa populations in Periods 3 to 6 (DS+PP, DS-PP+IS, DS-PP-IS+EN, and TF). For the Group B wethers, total N mean concentration in Period 6 (IS-DS-EP-EU+EN) and the concentrations of NAN in Periods 4 to 6 (IS-DS+EP, IS-DS-EP+EU, and IS-DS-EP-EU+EN) were significantly different from the populations in Periods 1 to 3 (FF, IS, and IS+DS).
The concentration of soluble N increased significantly when PP was added to the DS population and remained higher (P < .05) in Periods 3 to 6 than in the FF Period 1 in the Group A wethers. For the Group B wethers, the soluble N concentrations were significantly higher for the populations in Periods 4 to 6 (IS-DS+EP, IS-DS-EP+EU, and IS-DS-EP-EU+EN) than in the FF Period 1.
For the Group A wethers, the concentration of ammonia N increased significantly with the addition of DS to FF rumens and remained higher (P < .05) throughout the Periods 2 to 6. For the Group B wethers, the concentration of ammonia N became significantly higher than in the FF Period 1 after addition of EP into the population of IS+DS and remained higher (P < .05) throughout Periods 4 to 6. In general, the concentration of ammonia N was lowest for the FF Period 1 for both groups of wethers. It increased from 18 and 21 mg/100 mL ruminal fluid for the FF Group A and B wethers, respectively, to 30 and 28 mg/100 mL ruminal fluid for the DS-PP-IS+EN and IS-DS-EP-EU+EN populations, respectively. The values are means of three ruminal samplings at 2, 4, and 6 h after the morning feeding on d 28.
Means within the same group of wethers and the same column followed by a different superscript are different (P < .05).
Duodenal Flow of Nitrogen and Total Amino Acids
The addition of DS in Period 2 into the rumen of FF Group A wethers decreased (P < .05) the flow of NAN (Table 5 ). The additions of PP to the population of DS (Period 3) and of IS to the population of DS-PP (Period 4) did not produce appreciable changes (P > .05), but the means remained significantly different from those in the FF Period 1. For the Group B wethers, the addition of IS to FF rumens (Period 1) or of DS to the Table 5 . Flow (g/kg of organic matter intake) of nitrogen (N) and total amino acids from the stomach to the intestinal tract in two groups (A, B) of wethers, with their rumens being in different periods fauna-free (FF) or containing a single species or combination of species of Isotricha intestinalis (IS), Dasytricha ruminantium (DS), Polyplastron multivesiculatum (PP), Epidinium ecaudatum (EP), Eudiplodinium maggi (EU), Entodinium caudatum (EN), and total fauna (TF) Means within the same group of wethers and the same column followed by a different superscript are different (P < .05).
population of IS (Period 2) did not result in significant decreases in the flow of NAN. However, further inoculations with EP (Period 4) and EU (Period 5) resulted in the flows being significantly less than in the FF Period 1. Additions of EN in Period 5 to the population of DS-PP+IS (Group A wethers) and in Period 6 to the population of IS-DS-EP+EU (Group B wethers) decreased the NAN flows to the point that they were significantly different from all other populations in both groups of wethers. These decreases lowered the NAN flow to 80 and 75% of the respective FF Period 1 for the Group A and B wethers, respectively. The flow for the TF (Period 6) in the Group A wethers was 78% of that for the respective FF Period 1. The duodenal flow of BN was not affected significantly when DS was added in Period 2 to the FF rumen in the Group A wethers. However, the flow decreased (P < .05) when PP was added to the population of DS (Period 3) and remained virtually unchanged after the addition of IS into the population of DS+PP (Period 4). Adding EN into the population of DS-PP+IS (Period 5) produced a further significant decrease in BN flow, amounting to 61% of the flow in the FF Period 1. The addition of TF in Period 6 decreased the flow to 56% of the FF Period 1.
In the Group B wethers, the addition of IS into the FF rumen in Period 2 decreased (P < .05) the duodenal flow of BN to 86% of that in the FF Period 1. However, the addition of DS into the population of IS (Period 3) increased the flow to 93% of that for the FF Period 1. These differences in the flow between the FF Period 1 and the IS+DS population (Period 3) were statistically not significant. Addition of EP into the population of IS+DS (Period 4) produced a significant decrease in the BN flow, but the flow was virtually unchanged after the addition of EU into the population of IS-DS+EP (Period 5). There was, however, a dramatic decrease (P < .05) in the flow when EN was added into the population of IS-DS-EP+EU in Period 6. At this point, the flow was 53% of that for the FF Period 1.
The duodenal flow of TAA in both groups of wethers was not different (P > .05) between the populations containing Holotrich protozoa (IS or DS, or both) and the respective FF Period 1. The flow was decreased significantly when in the Goup A wethers PP was added to the population of DS (Period 3), but the addition of IS to the population of DS+PP (Period 4) did not change the flow. Similarly, the addition of EP to the population of IS+DS (Period 4) in the Group B wethers resulted in a lower (P < .05) flow of TAA, but the effect of adding EU into the population of IS-DS+EP (Period 5) was not significant. The addition of EN into the population of DS-PP+IS in Group A wethers (Period 5) and IS-DS-EP+EU in Group B wethers (Period 6) produced significant decreases in TAA flow. The flow of TAA for these populations (DS-PP-IS+EN and IS-DS-EP-EU+EN) was, respectively, 79 and 70% (P < .05) of the flow for the respective FF Period 1. The addition of TF into the population of DS-PP-IS+EN (Period 6) in the Group A wethers resulted in very little (P > .05) change (2 percentage points) in the duodenal flow of TAA.
Digestibility of Organic Matter and Neutral Detergent Fiber
The apparent OM digestibility in the stomach of the Group A wethers was lowest (44.9%) for the DS+PP population (Period 3) and significantly different from TF (Period 6) ( Table 6 ). The differences among other populations were not significant. For the Group B wethers, the apparent stomach digestibility of OM was not statistically different among the populations in Periods 1 to 4, between the populations in Periods 1 and 5, and between the populations in Periods 5 and 6. The highest (53.8%) apparent OM digestibility in the stomach of the Group B wethers was that for the IS-DS-EP-EU+EN population (Period 6). It was significantly different from all other populations except Period 5 (IS-DS-EP+EU). The NDF digestibility in the stomach of the Group A wethers ranged between 47.2 and 56.6%. The differences among the populations were not significant. For the Group B wethers, the NDF digestibility in the stomach ranged between 46.1 and 55.4%. The differences in the digestibility were not significant among populations in Periods 1, 4, 5, and 6, but the digestibility was significantly lower for the populations in Periods 2 (IS) and 3 (IS+DS) than for the populations in other periods, except Period 4 (IS-DS+EP).
Discussion
Polyplastron multivesiculatum cannot coexist with EP and EU in the rumen, and it belongs to a different type of fauna population (type A) than do EP and EU (type B) (Eadie, 1962) . Other species (IS, DS, and EN) are found in both types of fauna. For this reason, two naturally FF groups of wethers, one per each of the two types of population, were used throughout the experiment. To maintain relatively large number of replicates per treatment, the initial experimental measurements were made in Period 1 when all the wethers were FF. Thereafter, the measurements were made after the wethers in each group were inoculated progressively in each consecutive period with a single species of selected protozoa. The sequence of inoculation in both groups of wethers started with the Holotrich protozoa (DS and IS) because they are found in both types of ruminal fauna populations. The sequence continued with protozoa that are specific to each type of fauna (PP, EP, and EU). Because the Entodinium genus is predominant in mixed fauna (Jouany and Senaud, 1983; Senaud et al., 1995) and we expected EN to have the largest negative impact on the protein metabolism in the rumen (Coleman, 1964) , it was the last individual species added. This stepwise protozoa inoculation technique was favored over defaunation/refaunation techniques previously employed in experimental work with ruminal ciliate protozoa (Kayouli et al., 1986; Van Nevel et al., 1993; Jouany et al., 1995) . We used available FF wethers and eliminated possible undesirable effects of defaunation (Jouany et al., 1988; Jouany, 1996) .
The present experiment is the first known attempt to quantify in vivo the effects of the major ciliate protozoa species in both type A and type B populations (Eadie, 1962) on the flow of N into the intestinal tract. The wethers we used originated from a flock of sheep that has been free of ciliate protozoa since 1980 (Ivan at Means within the same group of wethers and the same column followed by a different superscript are different (P < .05).
al., 1986). Therefore, possible effects of the method of defaunation (Jouany, 1996) were eliminated. All six experimental periods were conducted in the same location, with the same animals under the same conditions, and precautions during animal handling (e. g., transfers, feeding, cleaning, and sampling) were taken to prevent cross-contamination with protozoa species. Despite all above conditions the results should be interpreted carefully because starting with Period 3 the inoculated species was added into a population of protozoa species of the previous period. Additions of individual species into a population may affect numbers of other species Senaud et al., 1980) . Perhaps the complexity of ruminal microfauna precludes a more comprehensive in vivo comparison of individual species in a single experiment than was undertaken in the present study.
Due to the experimental design, treatment and period effects were completely confounded in this study. If the period effect had been significant, then one would have expected periods that were closer together to be more highly correlated than periods that were further apart. The lack of consistency, with respect to magnitude and direction, of correlations among treatment levels eliminates any concern of a significant period effect. Therefore, significant effects are due to treatments.
In the present experiment, concentrations of DAPA in duodenal contents were used for estimation of duodenal flow of BN, without determination of DAPA in actual bacterial samples. Such an approach may provide useful information on relative changes of duodenal BN flow due to additions of individual species of protozoa into the ruminal fauna of the previous period, but they cannot be considered as being the actual flow of BN for particular protozoa population. Also, protozoal N flow was not measured and may have counteracted the decreases in BN flows somewhat. These effects may have been variable among individual species of protozoa used. Weller and Pilgrim (1974) showed that protozoa were sequestered within the rumen and that only a small proportion of protozoal protein entered the small intestine. Therefore, the counteracting of the decreases in BN flow by added protozoa might have been in most cases very small or negligible. Obviously, all these interacting effects of protozoal species cannot be studied in a single experiment. For this reason, we anticipate additional experiments to ascertain the interactions between BN and protozoal N flows for individual species. Although we consider the information in the present experiment valid because the same animals and the same diet were used throughout the entire experiment, precautions should be taken when comparisons are made with other published results. Also, there are numerous limitations in using DAPA as an internal microbial marker for determination of actual flow of BN (Stern and Hoover, 1979; Broderick and Merchen, 1992; Stern et al., 1994) , especially in experiments employing different animals and diets. Nevertheless, despite the technique used, the present experiment offers an in vivo indication of the extent of effects of major ciliate protozoa species on the BN flow to the intestinal tract.
It should be noted that ruminal fluid for counting protozoa was obtained by straining it through cheesecloth, and according to Dehority (1984) the straining may have somewhat affected the generic composition of protozoa populations described in Table 3 . However, other results were not affected.
The results of the present experiment clearly show that all protozoa populations tested numerically decreased the TAA flow into the small intestine to between 97 (IS+DS) and 70% (IS-DS-EP-EU+EN) of that obtained when the wethers were FF. These decreases were smallest and not statistically significant when Holotrich protozoa (IS and DS) formed the population as a single species or as combination of the two species. Thus, the effect of the Holotrich ciliates on ruminal metabolism of protein seems to be very small. However, the decreases became greater and statistically significant following additions into the Holotrich populations (DS, IS, and IS+DS) of cellulolytic ciliate protozoa species (PP, EP, and EU). Similarly, further significant reductions in the TAA flows occurred when EN was added into the populations already containing the Holotrich and cellulolytic protozoa. Thus, the effects of cellulolytic and EN species on the ruminal metabolism of protein seems to be quite substantial. Matsumoto et al. (1994) reported lower microbial N production in the rumen of goats containing EP as a single species fauna than in defaunated goats.
The addition of TF to the population of incomplete fauna-type A (DS-PP-IS+EN) in the present experiment had no additional significant effect on the flow of TAA, NAN, and BN. The effects of the added species on the pattern of flow of NAN and BN were similar to the effects on the TAA flow. It was previously shown that ingestion of bacteria and the proteolytic activities of protozoa in the rumen decrease the efficiency of protein utilization by the ruminant host (Veira et al., 1983 (Veira et al., , 1984 Leng and Nolan, 1984; Ushida et al., 1984; Demeyer and Van Nevel, 1986; Kayouli et al., 1986) . The mean flow of NAN from the stomach in the present experiment was 22% lower for the TF-type A compared with the respective FF period, similar to previous results (Ivan et al., 1991) . This decrease in the flow was a gradual response to additions of individual species of protozoa into the rumen of wethers that were initially free of protozoa. The exceptions were when DS was added into the population of IS and when EU was added into the population that already contained IS, DS, and EP. Although the addition of EU had no effect on the flow of NAN or its BN component, the addition of DS actually somewhat increased the flow of NAN and its BN component compared with IS. The flows of both NAN and BN before the addition of EN (DS-PP+IS vs IS-DS-EP+EU), for both types of populations (A and B), were almost identical. The principal difference between these two types of populations is the presence of PP and the absence of EP and EU (Type A), or the absence of PP and the presence of one or both EP and EU (Type B) (Eadie, 1962 (Eadie, , 1967 . Although the actual effects of EU without the presence of EP was not studied in the present experiment, all three species (PP, EP, and EU) are cellulolytic and ingest feed particles (Williams, 1989) . Protozoa counts showed a substantial decrease in the number of EP when EU was added into the population in Period 5; hence, the results were similar before and after the addition. It would seem that, concerning ruminal protein metabolism, PP, EP and EU play similar roles. This is supported by our results, which showed that the BN flow for the population of DS-PP+IS was equivalent to that of IS-DS+EP or IS-DS-EP+EU. The flows of NAN and TAA and the ruminal concentrations of total N, soluble N, ammonia N, and NAN for these populations were similar also. However, the presence of EU in the type B fauna might be beneficial to ruminal digestibility of OM and NDF.
From all the species tested in the present experiment, additions of EN to both type A (DS-PP-IS+EN) and type B (IS-DS-EP-EU+EN) incomplete populations produced the largest effects on protein metabolism in the stomach. The addition of EN decreased duodenal flow of NAN by 10 to 18% and its BN component by 24 to 32%. Such results are not unexpected, considering the high rate with which EN engulf bacteria (Coleman, 1989) , the fact that over 90% of the total numbers of protozoa in these populations were EN, and the fact that further addition of TF produced only minor changes. Indeed, preliminary results of a follow-up experiment in this laboratory (our unpublished observations) showed a higher number of EN in the rumen of sheep and lower duodenal flows of NAN when EN were a single species population, as compared to TF. Although most protozoa species show some bacterial preference, EN not only engulf a wide range of particulate matter but also engulf all bacterial species, and in excess of their requirement (Coleman, 1964) . Such action results in the release of the cellular contents of the bacteria into ruminal fluid that are fermented by the remaining bacteria and support not only bacterial growth but also provide more amino acids for bacterial deamination (Kurihara et al., 1968) . It is, therefore, no surprise that, in addition to the highest concentrations of total N and NAN in ruminal fluid for DS-PP-IS+EN and IS-DS-EP-EU+EN populations, the concentrations of soluble N and ammonia N were the highest in the fluid for these populations. It is evident, therefore, that the presence of EN in the natural ruminal fauna may be responsible for the major proportion of the decreased BN and NAN flows from the stomach to the intestinal tract. Although the large cellulolytic protozoa (PP, EP, and EU) may also inflict a substantial decrease on these flows, they contribute significantly to plant cell-wall carbohydrate breakdown, whereas the capacity of EN to digest cellulose is low (Jouany et al., 1981; Jouany and Senaud, 1982) . The effects of Holotrichs (IS and DS) on the NAN and BN flows seem to be relatively small.
Very few in vivo studies have been carried out with DS as a single species fauna, and comparatively little is known about the engulfment and subsequent metabolism of bacteria by the Holotrich ciliate protozoa (Williams and Coleman, 1992) . Matsumoto et al. (1989) , using urinary allantoin as a marker, reported lower microbial synthesis of N and higher ruminal ammonia N in DS-containing goats than in defaunated goats, in agreement with the present results. Holotrich protozoa ingest ruminal bacteria, but DS seem to prefer to ingest small cocci, IS select certain rod-shaped bacteria, and both DS and IS contain proteolytic enzymes (Williams and Coleman, 1992) . One IS cell can consume approximately .5 g of bacteria in the rumen per day (Coleman, 1975) , but the consumption by DS has not been quantified.
Reports from in vitro and in sacco experimental work (Jouany et al., 1992 Jouany, 1996) show lower concentrations of ammonia N in ruminal fluid of sheep containing IS as a single species ruminal fauna than for defaunated or refaunated sheep. The ammonia N concentration for IS in the present study was not different statistically from the FF Period 1. In earlier studies, Christiansen et al. (1965) and Jouany et al. (1981) showed relatively higher ruminal ammonia N and VFA concentrations in sheep inoculated with IS than in FF sheep, in agreement with the results of the present study. Nevertheless, the present experiment showed that compared to the FF period, ruminal fauna consisting of a single or a combination of Holotrich ciliate protozoa, especially DS, only negligibly decreased the flow of TAA from the stomach to the intestinal tract. This was associated with apparent and significant increases in the ruminal VFA concentrations and pH. Other studies (Matsumoto et al., 1989) showed significantly lower molar acetic acid:propionic acid ratio for DS-containing goats than for faunated goats. Also, the ability of Holotrich protozoa to prevent lowering of pH and accumulation of lactate in the rumen could be of benefit to the ruminant host (Williams and Coleman, 1992) .
Implications
The ruminal presence of a mixed protozoal population (total fauna) decreases the efficiency of protein utilization by the ruminant host. This can amount to 23% in the form of decreased flow of total amino acids into the small intestine, mainly due to engulfment of ruminal bacteria by different species of protozoa. The Holotrich protozoa (Isotricha and Dasytricha spp.) have very little effect on nitrogen metabolism in the rumen, whereas cellulolytic protozoa (Polyplastron, Epidinium, and Eudiplodinium spp.) and Entodinium spp., might be costly in terms of protein utilization by the ruminant host. If practical and economical methods for manipulation and control of various protozoa in the rumen are developed, it would be possible to increase the utilization of ruminal microbial nitrogen and, consequently, to improve the economics of ruminant production.
